POWDER METAL CLADDING NOZZLE 



FIELD OF THE INVENTION 
The invention relates to a powder metal cladding nozzle which discharges powder metal 
5 to a process portion that is irradiated with a laser beam, and which performs cladding on 
the process portion. 

BACKGROUND OF THE INVENTION 
As a powder metal cladding nozzle, a powder metal cladding nozzle using a laser, 

10 shown in FIG 19, is known (refer to Published Japanese Translation of PCT application, 

JP-T-10-501463). 

A powder metal cladding nozzle 1 00 shown in FIG 19 is formed by screwing a rear unit 
102 into a front unit 101. The rear unit 102 has a beam passage 103 which extends 
backward (i.e., upward in FIG 19) froni the front unit 101, and the front unit 101 has an 

15 opening 104 at the end of the beam passage 103 such that the axis of the beam passage 103 
agrees with the center of the opening 104. A cone-shaped passage 107 is formed between 
an outer surface 105 of the rear unit 102 fitted in the front unit 101 md an inner surface 
106 of the front unit 101. A powder metal supply passage 108 opens into an upper 
portion of the cone-shaped passage 107. 

20 In the thus formed powder metal cladding nozzle, powder metal is supplied from the 
supply passage 108 to the passage 107, and the supplied powder metal moves along the 
passage 107 and is discharged to a process portion W from the opening 104. Also, a 
beam generated by a laser generator 109 is converged by an optical system 110 such as a 
lens. The converged beam passes through the beam passage 103, and is irradiated to the 

25 process portion W from the opening 104. The laser beam melts the discharged powder 
metal. A cladding layer can be thus formed dn the process portion by using the powder 
metal cladding nozzle shown in FIG 19. 

^th the above-mentioned powder metal cladding nozzle, a good cladding layer can be 
obtained when cladding is performed while the axis of the nozzle is maintained in the 

30 vertical direction. However, when the nozzle is used while the axis of the nozzle is tilted 
with respect to the vertical direction, the volxmie of powder metal on the lower side and the 
volimie of powder metal on the upper side become unbalanced in the passage 107 of the 
nozzle 100 due to gravity. Accordingly, the powder metal cannot be discharged uniformly 
from the opening 104, which causes a problem that a good cladding layer cannot be 
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obtained. 

DISCLOSURE OF THE INVENTION 
5 It is an object of the invention to provide a powder metal cladding nozzle which is 
coaxially attached to a laser processing head that irradiates a process portion with a laser 
beam and that discharges powder metal to a laser beam irradiation portion in the process 
portion, and which can discharge the powder metal from an outlet formed at an end of the 
nozzle such that an amoimt of powder metal discharged from the outlet is uniform at any 
10 portion of the outlet, even when the axis of the nozzle is tilted with respect to the vertical 
direction. 

An aspect of the invention relates to a powder metal cladding nozzle which is coaxially 
attached to a laser processing head that irradiates a process portion with a laser beam and 
that discharges powder metal to a laser beam irradiation portion in the process portion. 

15 The powder metal cladding nozzle includes a body portion that has a ring-shaped powder 
metal holding space in which the powder metal is held; and a nozzle portion that is 
connected to the body portion and that has plural discharge passages which are 
communicated with the powder metal holding space and which open at an outlet for 
discharging the powder metal. The powder metal holding space is formed in the body 

20 portion and is divided into plural powder metal holding regions corresponding to plural 
supply passages that open into the powder metal holding space and that supply the powder 
metal. 

Wiih the above-mentioned structure, the powder metal holding space is divided into the 
plural powder metal holding regions corresponding to the plural supply passages for 

25 supplying the powder metal, and the nozzle portion has the powder metal discharge 
passages which open at the outlet formed at the end of the nozzle portion. It is therefore 
possible to guide the powder metal held in the powder metal holding regions to the 
corresponding portions of the outlet, and discharge the powder metal from the outlet such 
that an amount of powder metal discharged from the outlet is uniform at any portion of the 

30 outlet. 

The powder metal holding space is formed by fitting an inner side member in an outer 
side member of the body portion. The inner side member may include an inner side body 
portion and dividing portions for dividing the powder metal holding space into plural 
powder metal holding regions. 
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The powder metal holding space is formed by fitting the inner side member in the outer 
side member of the body portion. Therefore, when the inner side member includes the 
dividing portions, the powder metal holding space can be divided into plural powder metal 
holding regions corresponding to the plural supply passages. 
5 The inner side body portion may be formed integrally with the dividing portions. Also, 
the dividing portions may be dividing members which are attachable to/detachable from 
the iimer side body portion. 

When the dividing portions are the dividing members which are attachable 
to/detachable from the inner side member, the powder metal holding space can be 
10 appropriately divided into the powder metal holding regions each of which has an intended 

size. It is therefore possible to adjust a shape of a cladding layer by adjusting the widths 

of the powder metal holding regions based on a tilt angle when cladding is performed with 
a laser processing head tilted with respect to the vertical direction. 

Also, the discharge passages may be formed by fitting an inner side nozzle member, 
15 which has plural groove portions in an outer surface thereof, to an outer side nozzle 
member of the nozzle portion. 

By using the groove portions formed in the outer surface of the inner side nozzle 
member as the powder metal discharge passages, it is possible to easily form and maintain 
the discharge passages. 

20 The inner side nozzle member may be fitted in the outer side nozzle member such that 
the end of the inner side nozzle member is retracted with respect to the end of the outer 
side nozzle member by a predetermined amount in the axial direction of the nozzle portion. 

By fitting the iimer side nozzle member in the outer side nozzle member such that the 
end of the inner side nozzle member is retracted with respect to the end of the outer side 

25 nozzle member by the predetermined amount in the axial direction of the nozzle portion, 
the area in the process portion, in which the powder metal is discharged in a concentrated 
manner, is increased. It is therefore possible to increase powder efQciency of the powder 
metal. 

Also, the supply passage may be formed in a central portion of an arc of the arc-shaped 
30 powder metal holding region such that the powder metal is supplied toward the center of 
the arc. 

By forming the supply passage toward the center of the arc of the powder metal holding 
region and forming the supply passage in the central portion of the arc, the powder metal is 
supplied so as to be dispersed from side to side in the powder metal holding region. It is 
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therefore possible to discharge the powder metal from the outlet such that an amount of 
powder metal discharged from the outlet is further uniform at any portion of the outlet. 



BRIEF DESCRIPTION OF THE DRAWINGS 
5 The foregoing and further objects, features and advantages of the invention will become 
apparent from the following description of preferred embodiments with reference to the 
accompanying drawings, wherein like numerals are used to represent like elements and 
wherem: 

FIG 1 is a cross sectional view schematically showing a stracture of a powder metal 
10 cladding nozzle according to an embodiment the invention; 

FIG 2 is a schematic view taken along line II-II in FIG 1; 

FIG 3 is a schematic view taken along line ni-III in FIG 1 ; 

FIG 4 is a view schematically showing a cross section of an inner side member 5 of a 
body portion 2; 

15 FIG 5 is a front view schematically showing the iimer side member 5 of the body 
portion 2 viewed from a direction of C; 

FIG 6 is a side view schematically showing an example of an inner side nozzle 
member; 

FIG 7 is a conceptual view showing a first example; 
20 FIG 8 is a conceptual view showing a discharge state of powder metal from an outlet 19 
in the first example; 

FIG 9 is a conceptual view showing a second example; 

FIG 1 0 is a conceptual view showing a discharge state of powder metal from the outlet 
1 9 in the second example; 
25 FIG 11 is a conceptual view showing a powder metal supply system passage R in the 
second example; 

FIG 12 is a conceptual view showing a third example; 

FIG 13 is a perspective view showing an example of a dividing member; 

FIG 14 is a view showing a relationship between a shape of an end of the powder metal 
30 cladding nozzle, and a degree of concentration of the powder metal and powder efficiency; 

FIGS. 15 is a view showing a cross section of a cladding layer formed by using a 
powder metal cladding nozzle M; 

FIG 16 is a view showing a cross section of a cladding layer formed by using a powder 
metal cladding nozzle N; 
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FIG 1 7 is a perspective view showing an entire structure of a laser cladding processing 
device used in a test example; 

FIG 18 is a view schematically showing a structure of a laser processing head in FIG 
17; and 

5 FIG 19 is a cross sectional view schematically showing a powder metal cladding nozzle 
according to related art. 

DETAILED DESCRIFnON OF THE PREFERRED EMBODIMENTS 
Hereafter, an embodiment of the invention will be described with reference to FIGS. 1 
10 to 6. FIG 1 is a cross sectional view schematically showing an entire structure of a 

powder metal cladding nozzle. FIG 2 is a cross sectional view taken along line II-II in 

FIG 1. FIG 3 is a cross sectional view taken along line III-HI in FIG 1 . Each of FIGS. 
4 and 5 shows an inner side member of a nozzle body portion. FIG 4 is a cross sectional 
view of the inner side member and FIG 5 is a front view of the inner side member viewed 
15 from the direction of C. FIG 6 is a side view of an iimer side nozzle member of a nozzle 
portion. 

A powder metal cladding nozzle 1 includes a cylindrical body portion 2, and a nozzle 
portion 3 which is coaxially coupled to the body portion 2. 

The body portion 2 includes an outer side member 4 and an inner side member S which 
20 is fitted in a center space of the outer side member 4. A ring-sh^>ed gas holding space 6, 
in which inert gas is held, and a powder metal holding space 7, in which powder metal is 
held along with carrier gas, are formed between the outer side member 4 and the inner side 
member S. 

A gas supply passage 8 formed by boring the outer side member 4 and plural gas 
25 discharge passages 9 formed by boring an inner wall of the inner side member S open into 
the gas holding space 6. The gas supply passage 8 and the gas discharge passages 9 are 
communicated v^th each other through the gas holding space 6. 

Plural supply passages 10 for supplying powder metal open into the powder metal 
holding space 7. The powder metal holding space 7 is divided into plural powder metal 
30 holding regions 12, which correspond to the plural supply passages 10, by dividing 
portions 11. 

From the periphery of a bottom portion defining the powder metal holding space 7, 
plural guiding holes 13, which guide the powder metal to the nozzle portion, extend in the 
direction parallel to an axis H. The guiding holes 1 3 are formed so as to open at a bottom 

5 
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surface of the outer side member 4. 

The nozzle portion 3 includes an outer side nozzle member 14 coupled to the body 
portion 2; and an inner side nozzle member 15 fitted in the outer side nozzle member 14. 
The nozzle portion 3 is screwed into the body portion 2 with a coupling member 17. 
5 Between the outer side nozzle member 14 and the inner side nozzle member 15, plural 
powder metal discharge passages 18, which are communicated with the guiding holes 13 
formed in the body portion 2, are formed so as to open at an outlet 19 of the nozzle portion 
3. The discharge passages 18 may be groove portions which are formed in an iimer 
surface of the outer side nozzle member 14, groove portions which are formed in an outer 

10 surface of the inner side nozzle member 15, or groove portions which are formed in both 

the inner surface of the outer side nozzle member 14 and the outer surface of the inner side 

nozzle member 15. FIG 6 shows an example of the inner side nozzle member 15 in 
which groove portions 20 are formed in the outer surface thereof. The groove portions 20 
may be formed such that a smooth portion S remains at an end portion of the inner side 

15 nozzle member 15. Also, a laser passage 21, which is communicated with the center 
space of the inner side member 5 of the body portion 2 and through which a laser L passes, 
is formed inside the inner side nozzle portion 15 (refer to FIG 4). The laser passage 21 
opens at the end of the inner side nozzle member 15, and this opening portion is an 
irradiation outlet 22. The laser passage 21 also serves as a passage through which inert 

20 gas such as nitrogen gas discharged firom the gas discharge passages 9 passes. The inert 
gas is injected from the irradiation outlet 22 to the process portion W. A seal member 50 
shown in FIG 1 is an Oring or the like, and used for maintaining gas tightness of the gas 
holding space 6, the powder metal holding space 7, and the like, which are formed between 
the outer side member 4 and the inner side member 5 of the body portion 2. The seal 

25 member 50 is also provided at an appropriate position in the surface where the body 
portion 2 contacts the nozzle portion 3. 

The thus formed powder metal cladding nozzle 1 is coupled to laser beam generating 
means of a laser processing head, and further the powder metal supply passages 10 of the 
body portion 2 are connected to a powder metal supply source (hereinafter, referred to as a 

30 "feeder") through a powder metal supply pipe (not shown), whereby the following effects 
can be obtained. 

The laser beam L, which is irradiated from the laser beam generating means connected 
to the upper portion of the body portion 2 of the powder metal cladding nozzle 1, passes 
through the laser passage 21 and is irradiated from the irradiation outlet 22 to the process 
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portion W. 

Meanwhile, powder metal P, which is supplied along with the carrier gas from the 
feeder to the powder metal supply passages 10 through the powder metal supply pipe, is 
equally supplied to the powder metal holding regions 12 which are obtained by dividing 
5 the powder metal holding space 7 using the dividing portions 11. The powder metal P 
supplied to the powder metal holding regions 12 passes through the guiding holes 13 and 
the discharge passages 18, and is discharged from the outlet 19 to the process portion W 
and a peripheral area thereof. The discharged powder metal P is dissolved by the laser 
beam L and forms a cladding layer on the process portion W. 

10 In the powder metal cladding nozzle 1 according to the embodiment, the powder metal 
holding space 7 forme d in the body portion 2 is divided into plural powder metal holding 
regions by the dividing portions 11 such that the diving regions correspond to the supply 
passages 10. Therefore, the powder metal P can be discharged uniformly from the ranges 
of the ring-shaped outiet 19, which correspond to the powder metal holding regions. 

15 As mentioned above, the powder metal P is supplied along with the carrier gas from the 
supply passages 10 to the corresponding powder metal holding regions. Therefore, the 
discharge state of the powder metal P from the outiet 19 varies depending on the direction 
in which the powder metal P is supplied to the powder metal holding regions 12, that is, the 
arrangement of the supply passages 10 corresponding to the powder metal holding regions 

20 12. Here, a description will be made concerning the case where the powder metal P is 
supplied from the four supply passages 10 to the powder metal holding regions 12, which 
are obtained by dividing the powder metal holding space 7 into four regions by the 
Hes dividing portions! 1 . 

FIG 7 is a conceptual view showing a first example. In the first example, the powder 

25 metal P is supplied to the arc-shaped powder metal holding region 12 in the tangential 
direction thereof. Each of the supply passages 10 is formed in an end portion of the 
corresponding powder metal holding region 12, and opens in the tangential direction of the 
are. FIG 8 is a conceptual view showing a discharge state of tiie powder metal P viewed 
from the process portion W when the nozzle according to the first example is used. The 

30 powder metal P is discharged in a concentrated manner from portions pi to p4, which 
correspond to the dividing portions 1 1 , such that the amounts of powder metal P discharged 
from the portions pi to p4 are uniform. 

FIG 9 is a conceptual view showmg a second example. In the second example, the 
powder metal P is supplied from a position, which divides the arc of each powder metal 
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holding region 12 in half, toward a center O of the arc. By supplying the powder metal P 
along with the carrier gas toward the center O of the arc, the powder metal P is dispersed 
from side to side along a wall surface of the inner side member 5 of the powder metal 
holding region 12. Accordingly, the powder metal P is supplied to the powder metal 
5 holding region 12 while the dispersibility of the powder metal P is higher than that in the 
first example. Therefore, the powder metal P is discharged from the outlet 1 9 such that an 
amount of powder metal P discharged from the outlet 19 is further uniform at any portion 
of the outlet 19. FIG 10 is a conceptual view showing a discharge state of the powder 
metal P viewed from the process portion W when the no2zle according to the second 

10 example is used. The powder metal P is discharged from the outlet 19, as shown by 

ellipses p. Therefore, the powder metal P is discharged such that an amount of powder 

metal P discharged from the outlet 19 is frirther uniform at any portion of the outlet 19, as 
compared to the first example. 

In order to simultaneously discharge the powder metal P from portions p of the outlet 19, 

15 it is preferable that the distances from the powder metal supply source (hereinafter, 
referred to as the "feeder") which supplies the powder metal P to the supply passages 10 be 
equal to each other, as shown in FIG 11. FIG 11 is a conceptual view showing a supply 
route of the powder metal P. The powder metal P supplied from a feeder F by carrier gas 
G is supplied to the powder metal holding regions 12 through the supply passages 10 \>^iiile 

20 sequentially being equally divided by branching means rl, and r2 such as a cheese 
provided in a supply route R. At this time, the distances from an outlet J of the feeder F 
to the supply passages 10 are made equal to each other. By making the distances of the 
supply routes of the powder metal P from the outlet J of the feeder F to the supply passages 
10 equal to each other, the powder metal P is simultaneously discharged from the powder 

25 metal holding regions 12 to the process portion W. It is therefore possible to stably 
perform cladding processing. 

According to a third example, the sizes of the powder metal holding regions 12 are 
made dififerent, and the powder metal P is supplied toward the center O of the arc. In 
each of the first and the second examples, the powder metal holding space 7 is equally 

30 divided by the dividing portions 11 and the sizes of the powder metal holding regions 12 
are made equal to each other. However, the sizes of the powder metal holding regions 12 
may be made different depending on the position of the powder material holding region 12 
when the nozzle 1 is tilted with respect to the vertical du-ection. FIG 12 is a conceptual 
view showing an example of the third example. 
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FIG 12 shows the case where the cladding processing is performed while the powder 
metal cladding nozzle 1 is tilted such that the supply passages 10a and 10c extend in the 
horizontal direction, the supply passage 10b extends upward, and the supply passage lOd 
extends downward. In this case, the dividing portions 11 of the inner side member 5 of 
5 the body 2 are fomied such that the size of a powder metal holding region 12b 
corresponding to the supply passage lOb extending upward is made large, and the size of a 
powder metal holding region 12d corresponding to the supply passage lOd extending 
downward is made small. 

By making the sizes of the powder metal holding regions different, the flow rates of the 
10 powder metal P discharged from the outlet can be made different depending on the portions 

of the outlet, even when the flow rates of the powder metal P supplied to the powder metal 

holding regions are equal to each other. It is therefore possible to control the shape of the 
cladding layer formed on the process portion so as to obtain an intended shape. 

In the example, in order to easily change the sizes of the powder metal holding regions 
15 12 to intended sizes, it is preferable that each of the dividing portions 11 of the inner side 
member 5 be dividing member 30 which is attachable to/detachable from the inner side 
member 5. FIG 13 is a perspective view showing an example of the dividing member 30 
which is attachable to/detachable from the inner side member 5. The dividing members 
30 can divide the powder metal holding space 7 into the powder metal holding regions 12 
20 having intended sizes, when pins 31, each of which is provided at a bottom portion of the 
dividing member 30, are inserted in desired guiding holes 13 from among plural guiding 
holes 13 which open into the powder metal holding space 7. 

Hereafter, the embodiment will be described in more detail with reference to test 
examples. 

25 (1) A test example 1 will be described. In the test example 1, three types of powder 
metal cladding nozzles were used each of which is formed by combining the outer side 
nozzle member and one of the three inner side nozzle members having different sizes in the 
nozzle portion. A degree of concentration of the powder metal in the process portion and 
yield of the powder metal when a cladding layer was fomied (hereinafter, referred to as 

30 "powder eflBciency") were obteiined concerning each of the three types of powder metal 
cladding nozzles. In this test, the powder metal holding space of the body portion, which 
was equally divided into four regions, was used as in the first example shown in FIG 7. 
Also, the inner side nozzle member (shown in FIG 6), which was fitted in the outer side 
nozzle member and which had the groove portions 20 forming the discharge passage 1 8, 
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was used. 

The degree of concentration of the powder metal changes according to a vertical 
distance from the end of the nozzle, which discharges the powder metal, to the process 
portion (hereinafter, referred to as a "discharge distance")- Generally, as the discharge 
5 distance becomes shorter, the degree of concentration of the powder metal becomes higher. 
However, when the discharge distance is short, the end of the nozzle is likely to be affected 
by radiation heat, a spatter and the like from the process portion due to formation of the 
cladding layer. It is therefore necessary to maintain a certain degree of discharge distance. 
In the test example 1, three types of powder metal cladding nozzles X, Y and Z were used. 

10 The powder metal cladding nozzle X was prepared by combining the inner side nozzle 
member having a discharge distance of 1 5 mm and the outer side nozzle member having a 
discharge distance of 15 mm: The powder metal cladding nozzle Y was prepared by 
combining the inner side nozzle member having a discharge distance of 20 mm and the 
outer side nozzle member having a discharge distance of 15 mm. The powder metal 

15 cladding nozzle Z was prepared by combining the inner side nozzle member having a 
discharge distancb of 25 mm and the outer side nozzle member having a discharge distance 
of 15 nmi. The inner side nozzle member of the powder metal cladding nozzle X had the 
smooth portion S in which the groove portions were not formed in a range of 5 mm from 
the end thereof. 

20 (1-1) The degree of concentration of the powder metal will be described. The degree 
of concentration of the powder metal was measured in the state where the powder metal 
cladding nozzle was provided downward in the vertical direction and an aperture having a 
diameter of 5 mm was provided at a focus position of the powder metal. A weight 
percentage of a passage amount X2, which is an amount of the powder metal that passed 

25 through the aperture, with resi>ect to a supply amount XI of the powder metal 
(X2/Xlxl00) was used as the degree of concentration of the powder metal. The distance 
from the end of the nozzle to the aperture (discharge distance) was 1 5 mm. 

The powder metal (CuLS50) was supplied to the thus provided powder metal cladding 
nozzle in the condition in which a flow rate of the carrier gas (nitrogen has) was 14 L/min 

30 and a supply speed of the powder metal was 0.9 g/min, and the degree of concentration of 
the powder metal discharged from the powder metal cladding nozzle was measured. 
Table 1 shows the result of this measurement. In table 1, the degree of concentration of 
the powder metal is shown by a relative value using the measurement value, which was 
obtained when the powder metal cladding nozzle X was used, as 'T*. 

10 
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Namely, the degree of concentration of the powder metal was "1" when the powder 
metal cladding nozzle X (the discharge distance of the inner side nozzle member was 1 5 
mm) was used; "0.98" when the powder metal cladding nozzle Y (the discharge distance of 
the inner side nozzle member was 20 mm) was used; and "0.93" when the powder metal 
5 cladding nozzle Z (the discharge distance of the inner side nozzle member was 25 mm) 
was used. Therefore, it was found that as the difiTerence in the discharge distance between 
the outer side nozzle member and the inner side nozzle member was smaller, the degree of 
concentration of the powder metal was higher. 



Tablet 
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0.89 


0.86 
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0.98 


0.96 
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Z 


0.93 


0.86 


0.94 



10 



(1-2) The powder eflBciency will be described. First, a laser cladding processing 
device used in this test will be briefly described. 

FIG 17 is a perspective view showing an entire structure of a laser cladding processing 
device 70. The laser cladding processing device 70 is a laser cladding processing device 

15 which performs laser cladding processing on a valve seat portion of a cylinder head H. 
The laser cladding processing device 70 includes cylinder head holding means 72 for 
tiltably holding the cylinder head H; a laser processing head 74 which irradiate the process 
portion with a laser beam and \siuch discharges the powder metal; rotating means 76 for 
holding the laser processing head 74 so as to be tilted with respect to the vertical direction 

20 and for rotating the laser head processing head 74 around the vertical line; and powder 
metal supplying means 78 for supplying the powder metal to the laser processing head 74. 

Next, a structure of the laser processing head 74 of the laser cladding processing device 
70 is schematically shown in FIG 18. FIG 18 is a fh)nt view schematically showing the 
laser processing head 74. The laser processing head 74 includes laser beam generating 

25 means 82 for generating a laser beam; and a powder metal cladding nozzle 84 through 
which the generated laser beam passes and which discharges the powder metal. The laser 
beam generating means 82 is integrally connected to the powder metal cladding nozzle 84 
via an optical system portion 86 which converges the laser beam. A supply hose 88 for 
supplying the powder metal P is connected to the powder metal cladding nozzle 84, and the 

11 
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supply hose 88 is connected to the powder metal supplying means 78. 

As the powder metal cladding nozzle 84 of the thus fomied laser processing head 74, 
each of the above-mentioned powder metal cladding nozzles X, Y, and Z was attached to 
the laser processing head 74, and a cladding layer was formed on a valve seat test piece, 
5 whereby the powder efiSciency of each of the powder metal cladding nozzles X, Y and Z 
was checked. 

In this test, the powder efficiency was obtained as a percentage of a difference between 
a weight Wl of the valve seat test piece before cladding and a weight W2 of the valve seat 
test piece after cladding with respect of a supply weigiht W of the powder metal ((W2- 
10 Wl)/WxlOO). 

Since the powder efficiency varies depending on the rotational direction of the laser 

processing head, the powder efficiency was obtained in each of the clockwise rotational 
direction and the coimterclockwise rotational direction with respect to the process portion. 
The cladding was performed under the condition in which a laser output was 2.6 kw, a 

15 processing speed was 0.9 m/min, a flow rate of the carrier gas (nitrogen gas) was 14 L/min, 
a flow rate of the center gas was 6 lymin, a supply speed of the powder metal was 0.9 
g/sec, and a type of the powder metal was CuLS70 (#52). In this case, the tilt angle of the 
laser processing head was 35** with respect to the downward vertical direction. The result 
is shown in table 1. In table 1, the powder efficiency is shown as a relative value using 

20 the powder efficiency in the coimterclockwise direction when the powder metal cladding 
nozzle Y was used, with which the highest value was obtained, as "1". 

When the powder metal cladding nozzle X (the discharge distance of the inner side 
nozzle member was IS mm) was used, although the difference in the powder efficiency 
between the rotational directions was small, the powder efficiency was low. When the 

25 powder metal cladding nozzle Y (the discharge distance of the iimer side nozzle member 
was 20 mm) was vised, although there was a difference of 0.04 in the powder efficiency 
between the rotational directions, high powder efficiency of 0.96 or higher was obtained in 
each of the rotational directions. When the powder metal cladding nozzle Z (the 
discharge distance of the inner side nozzle member was 25 mm) was used, there was a big 

30 difference of 0.08 in the powder efficiency between the rotational directions, and the 
powder efficiency was lower than that when the powder metal cladding nozzle Y was used. 

In the above-mentioned measurement, the degree of concentration, which was obtained 
when the powder metal cladding nozzle X was used, was higher than the degree of 
concentration, which was obtained when the powder metal cladding nozzle Y was used. 

12 
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However, the powder efficiency, which was obtained when the powder metal cladding 
nozzle Y was used, was higher than the powder efficiency, which was obtained when the 
powder metal cladding nozzle X was used. Generally, it is considered that the degree of 
concentration and the powder efficiency of the powder metal are in a proportional 
5 relationship. It is estimated that the above-mentioned result that the degree of 
concentration and the powder efficiency of the powder metal were not in a proportional 
relationship was caused due to the difiference in the structure of the end portion among the 
nozzle portions. 

FIG 14 shows enlarged shapes of the end portions of the powder metal cladding nozzle 
10 X and the powder metal cladding nozzle Y. In FIG 14, conceptual views of the end 

portions of the nozzles are, shown on the upper side with respect to a cladding process 

surface a, and front views obtained by estimating the concentration states of the powder 
metal P discharged to the process portion W are shown on the lower side with respect to 
the cladding process surface a. A circle W shown by the dashed line is the range of the 
15 process portion. In the test, the circle W has a diameter of 5 mm. Each of the regions pi 
to p8 shown by the solid lines is the range in which the powder metal from the 
corresponding powder metal holding region is discharged in a concentrated manner. 

Concerning the powder metal cladding nozzle X (left side view in FIG 14), each of the 
discharge distance D from the end of outer side nozzle member 14 to the process portion 
20 and the discharge distance D from the end of the inner side nozzle member IS to the 
process portion is 15 mm. However, the inner side nozzle member IS has the smooth 
portion S, in which the groove portions 20 are not formed, in the area of 5 mm from the 
end thereof. Meam^le, concerning the powder metal cladding nozzle Y (right side view 
in FIG 14), although the discharge distance from the end of the inner side nozzle member 
25 IS to the process portion is 20 nun, the groove portions 20 are formed to the end of the 
inner side nozzle member IS. Accordingly, the distance D from an end Q of the groove 
portions 20 of each of the powder metal cladding nozzles X and Y to the process portion W 
is 20 mm. 

When the powder metal cladding nozzle X is used, the powder metal P guided to the 
30 point Q is further guided by the smooth portion S where the groove portions 20 are not 
formed, and is discharged from the outlet 19 to the process portion W. As a result, it is 
considered that the powder metal P is discharged in a concentrated manner to the regions 
pi to p4, which are formed so as not to overlap with each other, in the process portion W. 
Meanwhile, when the powder metal cladding nozzle Y is used, the end of the inner side 

13 
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nozzle member 15 is retracted with respect to the end of the outer side nozzle member 14 
by 5 mm in the axial direction. Therefore, the powder metal P discharged from the point 
Q of the groove portions 20 is dispersed and discharged to regions p5 to p8 which partially 
overlap with each other in the process portion W. Accordingly, it is estimated that the 
5 powder metal P is easily taken in a molten metal pool during the cladding processing, and 
high powder eflQciency is obtained. 

Namely, by making the end of the inner side nozzle member retracted with respect to 
the end of the outer side nozzle member by a predetermined amount in the axial direction, 
the powder efiGciency can be increased. 

10 (2) Hereafter, a test example 2 will be described. The powder metal cladding nozzle, 

which was held so as to be tilted with respect to the vertical direction, was used. A 

cladding layer was formed on a valve seat test piece by using a powder metal cladding 
nozzle M. In the powder metal cladding nozzle M, the powder metal holding space in the 
body portion was divided such that the size of the upper powder metal holding region was 

15 made large and the size of the lower powder metal holding region was made small, as 
shown in FIG 12. Also, for comparison, a cladding layer was formed using a powder 
metal cladding nozzle N in which the powder metal holding space was equally divided into 
four regions. Then, the shapes of the cross sections of the obtained cladding layers were 
compared to each other. Note that, the laser cladding processing device shovm in FIGS. 

20 17 and 1 8 was used for forming a cladding layer on the valve seat test piece, as in the test 
example 1 . 

As shown in FIG 12, in the powder metal cladding nozzle M, the powder metal holding 
space was divided such that the size of the iq>per powder metal holding region 12b was 
made large (the angle between lines connecting the dividing portions 1 1 to the axis O: Ob = 

25 ISO""), the size of the lower powder metal holding region 12d v/as made snudl (the angle 
between lines connecting the dividing portions 11 to the axis O:0d =30"*), and the sizes of 
the powder metal holding regions 12a and 12c arranged in the horizontal direction were 
made equal to each other (the angle between lines connecting the dividing portions 1 1 to 
the axis O: 0a=9**, 0c=90**), and the nozzle portion was formed by employing the same 

30 combination of the inner side and the outer side nozzle members as the powder metal 
cladding nozzle Y used in the test example 1. In the powder metal cladding nozzle N 
used for comparison, the powder metal holding space was divided into four regions (the 
angle between lines connecting the dividing portions 11 to the axis O: 0 =90), and the 
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nozzle portion was formed by employing the same combination of the iimer side and the 
outer side nozzle members as the powder metal cladding nozzle Y used in the test example 
1. 

Each of the thus formed powder metal cladding nozzles M and N was attached to the 
5 laser processing head 74 shown in FIG 18, and the laser cladding processing was 
performed on the groove portion (outer diameter: 33 mm, iimer diameter: 21 mm) for the 
valve seat of the cylinder head. 

The main specifications of the laser cladding processing device were as follows; a laser 
was a semiconductor laser of 3 kw, a tilt angle of the laser processing head was 35 degrees 
10 with respect to the vertical direction, the laser processing head was rotatable 420 degrees in 
- normal rotational direction and reverse rotational direction (overlap amount was 60 
degrees), and laser processing time was 7 seconds. Also, the main cladding processing 
conditions were as follows; a processing speed was 0.9 m/min, a laser ou^ut was 2.6 kw, a 
supply speed of the powder metal was 0.9 g/sec, the type of the powder metal was CuLSSO 
15 (copper powder), a flow rate of the carrier gas (nitrogen gas) was 10 L/min, and a flow rate 
of the center gas was 6 L/min. 

The observation results of the cross sections of the cladding layers are shown in FIGS. 
15 and 16. FIG 15 shows the result of the test example 2 using the powder metal 
cladding nozzle M, and FIG 16 shows the result of the comparative example using the 
20 powder metal cladding nozzle N. 

Each of FIGS. 15 and 16 shows a formed cladding layer c, a surface f (dashed line) of 
the test piece before cladding processing is performed on the process portion W, and a 
processed surface s (chain line) which is obtained by finish machining the formed cladding 
layer into a product shape. 
25 As shown in FIG 16, the cladding layer c formed by tihe powder metal cladding nozzle 
N had a shape whose lower portion d was drooping. Accordingly, in an upper portion b 
of the cladding layer c, the process margin for the process surface s could not be obtained, 
and an umnachined surface may remain after processing. As a result, it was found that 
the quality of the valve seat was reduced. Also, in this case, the amount of molten 
30 aluminum base metal was increased near the upper portion b, and the aluminum dilution 
concentration of the cladding layer was equal to or higher than 1 weight percent, which is a 
high value. 

Meanwhile, in the test example 2 shown in FIG 15, the cladding layer c was formed 
substantially parallel to the processed surface s. Accordingly, the unmachined surface 
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was entirely removed by the finish machining. Therefore, it was found that the good 
valve seat could be obtained. Note that, the aluminum dilution concentration of the 
cladding layer formed in the test example 2 was equal to or lower than 0.5 weight percent. 
It was found that the flow rate of the powder metal was increased and drooping of the 
5 cladding layer could be prevented by making the size of the lower powder metal holding 
region smaller than the size of the upper powder metal holding region in the body portion 2 
of the powder metal cladding nozzle, as in the test example 2, when the cladding 
processing was performed while the powder metal cladding nozzle was tilted with respect 
to the vertical, 

10 The powder metal cladding nozzle according to the embodiment is attached to the laser 
processing head of the laser, cladding processing device, and can be appropriately used for 
forming a valve seat of a cylinder head and coating of a bore. 
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